Objective: Disturbances in the metabolism of the brain amino acid transmitter γ-aminobutyric acid (GABA) may contribute to the pathophysiology of human anxiety disorders. Animal studies indicate that deletions or reductions in the expression of the gene for the GABA synthetic enzyme, glutamate decarboxylase 65 (GAD 65 ), reduce basal cortical GABA levels or stressinduced release of GABA in the cerebral cortex and increase fear behaviors. Complementing these findings, the authors recently observed lower than normal cortical GABA levels in patients with panic disorder. In the current study, the authors tested the hypothesis that panic disorder patients have a deficient GABA neuronal response to benzodiazepine (clonazepam) administration.
Method:
In a parallel-group, repeatedmeasures design, occipital cortex GABA responses to acute oral, open-label benzodiazepine administration were tested in 10 panic disorder patients and nine healthy comparison subjects. Occipital cortex total GABA levels were measured before and after medication administration by means of a novel proton magnetic resonance spectroscopic technique.
Results: Panic disorder patients had a deficient GABA neuronal response (blunted reduction of occipital cortex GABA level) to acute benzodiazepine administration, compared to the healthy subjects, who exhibited a significant decrease in occipital cortex GABA levels after this intervention. The patients also appeared to have persistently low occipital cortex GABA after chronic benzodiazepine treatment.
Conclusions:
Overall, these data are consistent with the hypothesis that a trait-like abnormality in GABA neuronal function contributes to the pathogenesis of human panic disorder. The data raise the possibility that GAD 65 enzyme dysfunction could be a pathogenic factor in panic disorder.
(Am J Psychiatry 2004; 161:2186-2193)
Ther e is growing interest in the potential role of the brain γ-aminobutyric acid (GABA) neuronal system in the pathophysiology of anxiety disorders. Animals with abnormalities in the regulation of GABA turnover or GABA A receptor subunit composition exhibit higher levels of fearfulness and lower than normal sensitivity to benzodiazepines. For example, deletions or reductions in the expression of the gene for the GABA synthetic enzyme, glutamate decarboxylase 65 (GAD 65 ), reduce basal cortical GABA levels (1, 2) and decrease stress-induced release of GABA in the cerebral cortex in mice (3) . GAD knockout animals exhibit higher levels of spontaneous fear behaviors (1-3), higher levels of fear conditioning (1) , and a blunted behavioral sensitivity to benzodiazepines in the absence of alterations in the density of postsynaptic GABA A receptors (3) . Also, mice with deletions of the γ2 subunit of the GABA A receptor display higher levels of fearfulness and benzodiazepine insensitivity (4, 5) . In addition, biochemically induced deficits in GAD function predispose to lactate-induced panic responses in mice (6) . Alternatively, disturbances in GABA metabolism and GAD function may also be a consequence of experimentally induced fear in animals. For example, conditioned fear stimulus exposure in freely moving mice has been associated with sustained reductions in extracellular GABA levels in the amygdala (7) , while acute administration of a GABA A receptor antagonist infused into the basolateral amygdala of freely moving rats led to rapid reductions in GAD 65 and GAD 67 levels in amygdala-hippocampal projections (8) .
Clinical studies have documented abnormalities of cortical GABA systems that tend to parallel the preclinical findings described above. For example, in the occipital cortex of patients with panic disorder, GABA levels are lower than normal, as measured by a proton magnetic resonance spectroscopic ( 1 H-MRS) technique (9) that predominantly assays the intraneuronal pool of GABA (10) . These results suggest that a trait-like disturbance in cortical GABA metabolism may be present in panic disorder, which could conceivably be due to GAD enzyme dysfunction. Similarly, neuroreceptor imaging studies have generally identified lower levels of cortical and hippocampal benzodiazepine receptor binding or affinity in panic disorder (11) (12) (13) (14) (15) . Thus, there is appreciable direct, in vivo evidence of GABA neuronal dysfunction in panic disorder.
The present study was intended to further extend the assessment of GABA neuronal function in panic disorder. It was designed to test the hypothesis that panic disorder patients have a deficient GABA neuronal response (blunted cortical GABA suppression) to benzodiazepine administration. A previous study suggested that healthy humans and anxiety disorder patients generally exhibit reductions in plasma GABA (an indirect index of brain GABA) after acute benzodiazepine challenge (16) . Although the mechanism behind this observation is unclear, one possibility is that acute benzodiazepine exposure down-modulates GAD enzyme function, resulting in an acute decrease in GABA levels. This notion is indirectly supported by preclinical observations that facilitation of GABA function (by GABA transaminase inhibition) down-regulates GAD 67 (17, 18) and, to a lesser extent, GAD 65 expression (18) . Also, withdrawal from chronic diazepam administration is associated with a marked increase in cortical GAD 67 mRNA expression, indicating that benzodiazepine exposure may tend to suppress GAD gene expression (19) . If panic disorder is associated with lower levels of GAD activity, and if benzodiazepine exposure normally decreases GAD function, as we propose, then the magnitude of cortical GABA responses to benzodiazepines would be lower in panic disorder patients, relative to healthy comparison subjects. The plasma GABA assessment approach referred to earlier (16) may not be sufficiently sensitive to detect differences between anxiety disorder patients and healthy comparison subjects in benzodiazepine-related GABA responses, as highlighted by our previous work, in which we detected cortical GABA abnormalities in panic disorder patients, in contrast to earlier findings of normal plasma GABA findings in this patient group (16, 20) . We therefore tested our hypothesis in the following protocol utilizing an MRS procedure that directly measures occipital cortex GABA levels. We examined GABA levels in an occipital cortex region, because we had earlier developed a reliable method of assaying GABA in this region and, using this approach, had detected GABA abnormalities in this region in several neuropsychiatric diseases, including panic disorder (9, 21, 22) . Also, when we began the study, our ability to reliably examine other regions of interest that have traditionally been related to anxiety (e.g., the frontal cortex) was limited because of technical issues (patient immobilization, shimming adjacent to the sinuses, and variable head shape in the frontal regions). Finally, the imaging literature, while consistently implicating frontal areas in panic, also suggested that more generalized cortical GABA abnormalities could be present (14) . Since the completion of this study, other groups (23, 24) have reported preliminary data on cortical GABA level quantitation in frontal regions of interest, and it is anticipated that reliable cortical GABA data are soon likely to become routine in this pathophysiologically significant region.
Method

Design
We employed a parallel-group (patients versus healthy comparison subjects) design and a novel 1 H-MRS technique (25) to quantify the effects of acute benzodiazepine (clonazepam) administration on total cortical tissue (gray and white matter) GABA levels in an occipital cortex region of interest. The details of the MR spectroscopy protocol (see description later in this section) have been described in a previous publication (9) . The test-retest variability for this method of GABA assessment is 10% (26) . We also gathered exploratory data on the effects of chronic clonazepam exposure/treatment on occipital cortex GABA in the panic disorder patients. To measure occipital cortex GABA levels, each patient and comparison subject received an MRS scan. The concentration of GABA was measured by comparing the integrated GABA resonance from the MRS-edited spectrum with the integrated creatine resonance obtained during the same scan.
Spectroscopy Procedures
A trained research assistant or registered nurse under the supervision of the principal investigator accompanied the patient throughout each MRS test (approximately 1.5 hours). The GABA measurements were obtained according to the method described by Rothman et al. (25) . The MRS studies were performed at the Yale University MR Center with a 2.1-T Oxford Magnet (Oxford Magnetic Technology, Oxford, U.K.) with a 1-m bore, equipped with a Bruker Biospec Avance I spectrometer (Bruker Instruments, Billerica, Mass). Subjects lay with the occipital cortex against an 8-cm radiofrequency surface coil tuned to the proton nuclear magnetic resonance frequency of 89.67 MHz. Gradientecho scout images of the subject's brain were obtained for subject positioning. A 1.5×3×3-cm volume of interest centered on the midline of the occipital cortex, 2 cm deep from the dura, was chosen for spectroscopic measurement. An automated first-and second-order shimming routine was used to optimize B 0 homogeneity in the volume of interest (27) . Homonuclear editing of the 3.0-ppm (chemical shift scale [ppm]) GABA C4 resonance was performed by using the J-editing pulse sequence described previously (25) . Spectral editing detects signals from hydrogen atoms that are J-coupled to hydrogen atoms on adjacent carbon atoms in the same molecule. In this case the spin-spin J-editing selected the GABA C4 triplet resonance at 3.0 ppm, which is coupled to the GABA C3 multiplet resonance at 1.9 ppm. Two subspectra of 128 scans each were subtracted to obtain a difference spectrum that isolates GABA (total) (combined measure of GABA and the GABAcontaining dipeptide homocarnosine). The localization techniques included three-dimensional, image-selected, in vivo spectroscopy with outer volume suppression, selective excitation, and use of a surface spoiler coil. The spectral acquisition parameters were as follows: TR=5 seconds; TE=68 milliseconds; sweep width= 15,000 Hz; and acquisition time=510 milliseconds. A chemical shift-selective 80-msec hyperbolic secant pulse followed by an inversion recovery delay and a 2-2 refocusing pulse were used for water suppression. Spectral editing of the GABA C4 resonance at 3.0 ppm was achieved by applying a 26.5-msec DANTE (delays alternating with nutations for tailored excitations) pulse to invert selectively the 1.9-ppm C3 resonance, applied symmetrically in time about the center of the refocusing pulse sequence. The free induction decay was zero-filled to 32 K, and a 3-Hz exponential filter was applied before Fourier analysis. The GABA signal was integrated over a 0.30-ppm bandwidth at 3.00 ppm. The creatine signal was integrated over a 0.20-ppm bandwidth at 3.00 ppm in the GABA-inverted spectrum. The following equation was used to calculate the GABA concentration:
, where G* is the integral in the edited spectrum, Cr* is the integral of the creatine resonance, M is the contri-
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http://ajp.psychiatryonline.org bution to the edited GABA spectrum from edited macromolecule resonances (28, 29) , ICF is the correction for the limited integral bandwidths determined from localized edited spectra of solutions of GABA and line-broadened creatine to match the in vivo processed line widths, EE is the correction for loss of intensity due to imperfect editing efficiency, 3/2 is the creatine/GABA (total) proton ratio, and [Cr] is 9 mmol/kg wet weight-the creatine concentration in the human occipital cortex (30) .
The detection of N-acetylaspartate, glutamate, glutamine, and other metabolites was done with an echo delay of 12 msec, a sweep width of 15,000 Hz, and an acquisition time of 510 msec. The sequence was applied in pairs to yield subspectra that contained either macromolecules alone or macromolecules combined with the metabolites of interest. Briefly, one subspectrum was acquired without the inversion pulse. The macromolecule subspectrum was subtracted from the other subspectrum to obtain a spectrum of metabolites alone. The data were acquired in interleaved fashion, toggling between individual 48-second sets of inverted and uninverted acquisitions. Each block was stored, and the sequence ran for 20 minutes to yield 16 pairs of subspectra. A scan of unsuppressed tissue water was also acquired to evaluate the absolute level of creatine and for eddy current correction of the short-echo data. Each sub-free-induction-delay (sub-FID) was processed by using a Lorentzian-to-Gaussian conversion of -1 and 6 Hz, Fourier transformation, spectral phasing, and subtraction. The peak amplitudes at 3.03, 2.75, 2.60, 2.45, 2.29, and 2.015 ppm were measured and deconvolved by using model spectra obtained in solutions of creatine, glutamate, glutamine, aspartate, and N-acetylaspartate to determine the metabolite levels relative to the resonance of total creatine. The concentrations were determined with the assumption that the wet weight for creatine had a concentration of 9 mmol/kg.
Human Subjects
Before participating in this study, all subjects (patients and comparison subjects) had a discussion with a research psychiatrist about the risks and benefits of being in the study. If subjects agreed to participate, they were asked to sign a copy of the consent document, which was approved by the Yale Institutional Review Board (IRB #8973), and were given a copy of this document for their own records. All research procedures were carried out in accordance with Yale Institutional Review Board regulations pertaining to protection of human subjects.
All patients and comparison subjects, in good physical health (confirmed by physical examination and screening laboratory studies, including urine toxicology, HIV test, and beta HCG test in female subjects) and medication free, gave their written informed consent to participate. The patients were 10 outpatients (five women and five men; mean age=36 years, SD=11) with active panic disorder (1 panic attack/week in the month before commencement of the study) whose baseline occipital cortex GABA levels were published in a previous report (9) . The patients met the clinical research criteria (DSM-IV) for a current principal diagnosis of panic disorder with or without agoraphobia, confirmed by semistructured interview (Structured Clinical Interview for DSM-IV Axis I Disorders [SCID] [31] or Anxiety Disorders Interview Schedule: Lifetime Version [32] ). In addition, they did not have a lifetime history of major depressive disorder or alcohol dependence, nor did they have a substance abuse disorder within 6 months of the diagnostic interview. Five of the 10 patients had been medication naive before the study, and two had not been taking medications for 3 months. Three of 10 patients had taken occasional, as-needed doses of shorter-acting benzodiazepine medications until 1 week before the study (two had taken 0.25 mg/day or 0.50 mg/day of alprazolam, one had taken 0.25 mg/ day of clonazepam).
Retrospectively matched healthy comparison subjects (four women and five men; mean age=28 years, SD=3) were recruited after the MRS data had been obtained in the patients. The patients and the comparison subjects did not differ significantly in age (Welch's t test t=2.2, df=10, p<0.06). We were unable to obtain an age match for one older female patient. The comparison subjects were a new group of subjects recruited specifically for this project. They had no lifetime history of psychiatric illness, as confirmed by semistructured interview (SCID), nor did they have a family history of psychiatric illness in first-degree relatives, as reported in a clinical interview. We attempted to match women comparison subjects and patients for phase of menstrual cycle. Three patients were at the end of their menstrual cycle, one patient was mid-cycle, and one was postmenopausal (unmatched patient) at the time of the initial scanning session.
Each patient and comparison subject received a baseline scan. Then, the patients and comparison subjects received a single oral dose of 0.5 mg of the anxiolytic medication clonazepam. After approximately 90 minutes, subjects were rescanned to assess the effect on cortical GABA. This timing was chosen because oral clonazepam is fairly rapidly absorbed, with peak plasma concentrations achieved by 1.5 hours after a single oral dose (33, 34) . Six of the 10 patients received a third scan after approximately 1 month of successful treatment with 0.5 mg of clonazepam three times a day. The patients were scanned over a 2-year period from January 1997 to February 1999, and the comparison subjects were scanned over a 1-year period from November 1999 to November 2000. MRS scanning procedures/conditions remained constant for both patients and comparison subjects over this time frame. 
Statistics
The data were analyzed with a mixed-effects model with a random effect for subject and fixed effects for time (baseline versus 90 minutes after medication administration), group (panic disorder patients versus comparison subjects), and the group-by-time interaction (PROC MIXED in SAS version 8, SAS Institute, Cary, N.C.). The main analyses were performed with and without the unmatched patient with similar outcomes. Therefore, we report the results of analyses that included all patients and comparison subjects. In the F tests, Satterthwhite's approximation for degrees of freedom for unbalanced data was used.
Results
There was a highly significant group effect (F=29.34, df= 1, 29.8, p<0.0001), which was accounted for by persistent low cortical GABA in the panic disorder patients (Figure 1) , as well as a significant group-by-time interaction (F=5.08, df=1, 16.3, p<0.04). Follow-up tests indicated that there were significant changes from baseline cortical GABA levels at the 90-minute postmedication time point in the comparison group (F=7.83, df=1, 16, p<0.02) but not in the panic group (F=0.14, df=1, 16.7, p=0.72) ( Figure 1 shows means and raw data; Figure 2 shows representative spectra). In the healthy group, there was a 24% (1.72-1.31/ 1.72×100) decrease from baseline GABA levels after acute benzodiazepine exposure. An additional random-effects analysis that included the third time point (after 4 weeks of treatment) for patients revealed no significant effect of time (F=0.04, df=2, 22.6, p=0.96) ( Figure 1 and Figure 2) . A comparison of baseline and postmedication glutamate and glutamine levels in seven of the nine comparison subjects indicated a small but significant increase in glutamate levels because of acute clonazepam administration (baseline: mean=6.02 mmol/kg, SD=0.74; postmedication: mean=6.71 mmol/kg, SD=1.04) (paired t test t=3.3, df=6, p<0.02), but no significant change in glutamine levels (baseline: mean=2.67 mmol/kg, SD=0.33; postmedication: mean=2.70 mmol/kg, SD=0.48) (t=0.22, df=6, p=0.84).
Discussion
Our data indicate that, normally, acute benzodiazepine administration decreases human occipital cortex GABA levels. This result suggests that benzodiazepines may have the capacity to exert a direct inhibitory effect on GAD activity. Alternatively, benzodiazepine effects on other neuronal targets could modify both the excitatory drive for GABA neuronal activity and the availability of the substrates for GABA synthesis, including glutamate and glutamine (35) (36) (37) . As indicated by preliminary data in the comparison subjects, acute benzodiazepine administration did not decrease glutamate or glutamine levels in the occipital cortex voxel of interest, suggesting that acute reductions in substrate availability did not account for the reductions in cortical GABA. This preliminary result is supported by published observations indicating a lack of effect of acute lorazepam (2 mg p.o.) administration on dorsolateral prefrontal cortex glutamine and glutamate levels in healthy human subjects (38) . In fact, glutamate levels were slightly elevated after benzodiazepine administration, suggesting an inhibitory effect of benzodiazepine administration on glutamate turnover. The hypothesis that benzodiazepine-induced reductions in glutamatergic drive deprive GABA neurons of excitatory input could be tested in the future in humans by using 13 C-MRS with infusion of appropriate 13 C-labeled tracers (39) (40) (41) . Other mechanisms that could account for our GABA finding in healthy subjects include benzodiazepine effects on cortical glucose metabolism and/or cortical blood flow. Previous work with [ 15 O]H 2 O positron emission tomography (PET) has documented the ability of lorazepam to acutely decrease cortical blood flow in the occipital cortex and other brain regions (36) . Since blood flow and metabolism tend to run parallel in the CNS, it is possible that impaired glucose metabolism resulted in less rapid production of GABA in our study. Future 13 C-glucose infusion/MRS studies or within-subject [ 18 F]fluorodeoxyglucose PET and GABA/MRS studies should help clarify these issues.
Compared to healthy individuals, patients with a diagnosis of panic disorder did not exhibit reductions in cortical GABA levels after acute or chronic benzodiazepine administration. This result is complementary to our previous work describing lower GABA levels in the occipital cortex of patients with panic disorder, relative to age-and sexmatched comparison subjects (9) . The combination of lower basal cortical GABA levels and the failure to exhibit reduction in GABA levels after benzodiazepine exposure is a pattern that is somewhat reminiscent of that seen in GAD 65 knockout mice (3). An important difference between the human and animal studies is that, while the knockout mice exhibited lower levels of behavioral sensitivity to benzodiazepines (which indirectly suggested lowered intrasynaptic GABA levels), their GABA levels after benzodiazepine administration were not directly measured. Thus, while the current findings could potentially reflect deficits in GAD 65 levels or function in patients with panic disorder, we caution against overinterpreting the relevance of the animal model for humans, pending further investigation. The present study could not rule out GABA A receptor dysfunction in panic disorder patients as a source of the dysfunctional GABA neuronal response we observed. However, the patients exhibited satisfactory clinical responses to benzodiazepine treatment, although their occipital cortex GABA levels did not decrease. In light of evidence that the α2 subunit of the GABA A receptor substantially confers the capacity to mediate anxiolytic effects of benzodiazepines (42) , it would appear that at least some GABA A receptor subtypes remain functional in panic disorder patients. The continuation of low occipital cortex GABA even after effective benzodiazepine therapy could be a risk factor for clinical relapse in some patients. Follow-up studies are needed to determine whether there is eventual normalization of occipital cortex GABA levels with effective longer-term antipanic treatment. By contrast, effective pharmacotherapy with selective serotonin reuptake inhibitors normalizes occipital cortex GABA levels in patients with major depression (43) , and similar work in panic disorder patients would be of interest to ascertain whether the chronically low cortical GABA we have begun to observe in panic disorder patients is independent of medication class.
A number of limitations of the present study should also be mentioned. An important design limitation was the lack of a placebo control condition for both the acute and chronic clonazepam exposure conditions. Inclusion of a placebo control condition would have permitted us to obtain additional test-retest occipital cortex GABA data for each group as well as to control for nonspecific stress effects on GABA because of the experimental protocol. Stress or acute panic symptoms could contribute to reductions in regional cerebral blood flow (44) and therefore may have confounded our data. However, none of the patients or comparison subjects had a panic episode just before or while being scanned. In addition, on the issue of stress or state anxiety effects on occipital cortex GABA, we previously reported in our baseline study that visual analog anxiety scale scores (a measure of state anxiety) did not correlate with baseline cortical GABA levels in the panic disorder patient group (r=-0.03, p=0.9, N=13) (9) . Since the patients presented here are a subgroup of that original group, it appears that state anxiety and blood flow effects secondary to state anxiety were not major confounds of the baseline occipital GABA results of the patients. Moreover, there was no significant correlation between baseline visual analog anxiety scale scores and baseline GABA scores in six of the nine comparison subjects in the present study (r=0.13, N=6, p= 0.8) (three comparison subjects did not have baseline visual analog anxiety scale data). In reference to future work on longer-term medication effects on occipital cortex GABA in panic disorder, the use of a placebo control group would permit delineation of placebo responders from medication responders and nonresponders, which would improve the interpretation of this type of data set. In the light of these issues, our present data on longer-term effects of clonazepam therapy on occipital cortex GABA must be considered preliminary.
This study was conducted with a small number of subjects, and therefore the possibility of type I error must also be considered. While the effect size for the comparison subjects was substantial, relative to the test-retest variability of our MRS method, it is conceivable that the effect could be diluted or washed out in a larger group of subjects. Another related concern is the stability of occipital cortex GABA measurement during the period of the study (approximately 3 years). The test-retest variation of our GABA/MRS method over a 2-year period is approximately 10% (26) , so there is some potential for test-retest error to have biased our results. Although patients were scanned over a 2-year period and the comparison subjects were scanned over the subsequent 1-year period, scanning procedures remained constant during the entire study period. Another problem that could have been confounding was the issue of recent benzodiazepine exposure in three of the panic disorder patients. However, when we performed a post hoc, nonparametric analysis of the panic disorder group data, excluding the data for those three patients (baseline GABA scores versus 90-minutes postmedication scores), we noted that the pattern of results was similar to that observed in the entire group of panic disorder patients (baseline GABA level: mean=0.98 mmol/kg, SD=0.19, N=7; 90-minutes postmedication GABA level: mean=1.06 mmol/kg, SD=0.19, N=6) (Wilcoxon statistic=-7.0, p=0.56, N=6 pairs). In addition, although the difference in age between groups approached but did not reach significance, the patient group was older. Thus, it is conceivable that age effects could have complicated the interpretation of our data. Post hoc Pearson product-moment correlation analyses of age and baseline cortical GABA level in each group, however, suggested no significant relationship between age and GABA level in either group (healthy comparison group: r=0.06, p=0.88, N=8; panic disorder group: r=0.25, p=0.49, N=10).
Another potential problem with the comparability of the two data sets (patient group versus comparison group) is the possibility that a "floor effect" in the patient group biased against discernment of additional medication-related decreases in occipital cortex GABA. Other patient populations, such as those with severe melancholic major depression, have been reported to have extremely low occipital cortex GABA levels (mean=0.71 mmol/kg, SD=0.27, N=14) (21) , suggesting that the levels of occipital cortex GABA measured by our MRS technique in this study were not at the lower limit of detection. However, it remains an open question whether the relatively low occipital cortex GABA levels of the panic disorder patients were at some kind of physiological floor at which acute perturbations of GABA function are incapable of producing further downward change because of counterregulatory mechanisms. This possibility could be tested in follow-up investigations, such as a dose-response protocol in healthy subjects.
Another design issue in the present study was that we did not have a reliable method of monitoring betweengroup pharmacokinetic differences in reference to clonazepam metabolism. Future studies that use this paradigm would benefit from either plasma monitoring of benzodiazepine levels or the use of an intravenous benzodiazepine administration protocol to enhance standardization of protocol procedures. It is of interest that the GABA data for the panic disorder group displayed more variability than that for the comparison group, as variation in drug metabolism could have contributed to this phenomenon. Other factors such as a family history of mood or anxiety psychopathology (45) or illness subtypes (46) could also have contributed to variability in the patient data.
Finally, there remain issues of interpretation in reference to the meaning of cortical GABA level data obtained in a relatively large volume of cortical tissue. Since GABA subserves many different CNS functions, it may be problematic to infer that changes in our integrated measure of intraneuronal GABA directly reflect GABA neuronal changes related to a specific clinical syndrome or medication. In this regard, future assessment of additional cortical areas more traditionally associated with anxiety, e.g., the frontal cortex, should be illuminating, as will efforts to quantitate GABA levels in white matter pathways that connect anxiety-relevant cortical regions.
Overall, these results strengthen the hypothesis that panic disorder is associated with GABA neuronal dysfunction. Our work thus far suggests that the GABA dysfunction in panic disorder may be a trait-like abnormality, since acute anxiolytic therapy with the benzodiazepine clonazepam was not associated with normalization of low occipital cortex GABA in panic disorder patients. In addition, there does not seem to be a correlation between illness severity and GABA nor between state anxiety and GABA, as we have previously reported (9) . Furthermore, preliminary data point to an association between the extent of the lower than normal GABA levels in the occipital cortex in panic disorder and a family history of mood or anxiety psychopathology (45, 47) . Preclinical studies that directly assess benzodiazepine effects on cortical GAD 65 and GAD 67 function and gene expression promise to clarify the biochemical basis of the effects that we have reported in this preliminary study. In addition, future molecular genetic studies of panic disorder, probing genes that could account for lower levels of GAD activity, would facilitate the interpretation of the current data and further advance our understanding of the contributions of GABA systems to panic disorder.
